Aim: Myasthenia gravis (MG) is a neuromuscular transmission disorder caused by acetylcholine receptor autoantibodies. Cardiac autonomic dysfunctions were rarely reported in patients with MG. Functional cardiac abnormalities were variable and reported in patients at severe stages of the disease and with thymoma. We investigated cardiac functions in patients with MG using Ambulatory 24-h electrocardiographic Holter-Monitoring. Methods: This study included 20 patients with MG with a mean age of 28.45 ± 8.89 years and duration of illness of 3.52 ± 1.15 years. The standard Holter reports include data for heart-rate, ventricular ectopies (VEs), supraventricular ectopies (SVEs), heart-rate variability (HRV), ST, QT, atrial fibrillation and T-wave alternans. Results: VEs, SVEs and ST-T changes were reported in 55%, 40% and 20% of patients respectively. Compared with healthy subjects (n = 20), HRV components including SDNN, SDANN, SDNN Index, RMS-SD and pNN50 (P = 0.001 for all) were reduced in patients indicating sympathetic and parasympathetic autonomic dysfunctions. HRV abnormalities were reported in 30-60% of patients. No significant correlations were identified between SDNN, RMS-SD, pNN50, and duration of illness. Conclusion: Depressed HRV may be an early manifestation of autonomic neuropathy in patients with MG even in milder stages of the disease. This information is useful in rating disease progression and the efficacy of therapeutic interventions.
INTRODUCTION
Myasthenia gravis (MG) is a humoral immune attack to the skeletal muscle nicotinic acetylcholine receptors (nAChRs) at the neuromuscular junction by autoantibodies. [1] The cardinal symptoms of MG is fatigue or fluctuating weakness in voluntary muscles with repeated or sustained exertion in the course of the day, but improved by rest. [1] MG has a prevalence of 25-125/10 6 , with female to male ratio of 3-2.
[2] About 2/3 of the patients has mild weakness, which initially involve the ocular muscles, but may progress to generalized weakness in approximately 85% of patients. Respiratory muscle weakness occurs in severe stages, which may require mechanical ventilation (myasthenic crisis). [3] The diagnosis of MG was based on the association between the following parameters: clinical manifestations, [4] presence of serum anti-AChR antibody, definite clinical improvement on injection of anticholinesterase, and a decremental pattern of repetitive nerve stimulation. [3] The thymus gland is abnormal in up to 90% of adults with MG, of which 70% have enlarged thymic hyperplasia, whereas 10-20% have benign thymic tumors or thymoma. [5] The current treatment for MG includes acetylcholine esterase inhibitors (AChE-Is) (as pyridostigmine), [6] immunopharmacologic drugs, [7] [8] [9] [10] [11] [12] and thymectomy. [13] A few studies were carried out to investigate cardiac involvement in patients with MG. Some reported nonspecific electrocardiographic (ECG) changes, Doppler imaging and conventional echocardiography, [14] while others reported variable results, which varied from asymptomatic specific ECG changes (as abnormalities of the STI, [15] dispersion of QT and T wave alternans [16] ), giant diffuse T waves, to clinically manifest abnormalities (as conduction disturbances, atrioventricular dissociation, wide QRS, [17] syncopal Cardiac autonomic function in patients with myasthenia gravis: analysis of the heart-rate variability in the time-domain attacks, orthostatic hypotension, impaired heart-rate variability (HRV) [18, 19] ). These significant cardiac manifestations were reported in patients with severe stages of MG and in the presence of thymoma. It has been suggested that some MG patients may develop autonomic dysfunction and other nervous system manifestations. [18] [19] [20] [21] [22] [23] [24] [25] [26] It has also been suggested that the heart and skeletal muscle molecules are targets for the autoimmune process of MG. [27] [28] [29] [30] This study aimed to assess cardiac functions in patients with MG using Ambulatory 24-h ECG Holter Monitoring. HRV measures are sensitive indices of cardiac autonomic function (sympathetic and parasympathetic).
METHODS

Subjects
This study included 20 (males = 6, females = 14) patients with MG without known cardiac diseases. Their age range is was 16-50 years and duration of illness ranged from 1 to 4 years. Clinical grading of the patients was done based on the medical-scientific advisory board of the MG Foundation of America classification. [4] Patients grading was based on their histories and diagnosis shown in their medical records. Patients reported histories of weakness of ocular muscles (ptosis) (class I), with mild and predominant weakness of limb muscles (class IIa) or oropharyngeal muscles (class IIb), or with moderate and predominant weakness of limbs (class IIIa). Thymectomy was done to the seven patients with thymoma. Table 1 shows the demographic and clinical characteristics of the studied group. Patients were recruited from the Out-patient Clinic of the Department of Neurology, Assiut University Hospital, Assiut, Egypt during their follow-up visits in which they were free of clinical manifestations (i.e., after resolution of active stage of the disease for at least 3 months) and were on maintenance treatment with low doses of AChE-Is and/or steroids. The patients were admitted to the hospital for 24-48 h for the purpose of the research. Twenty healthy subjects matched for age, sex and socioeconomic status were included in this study for statistical comparisons. Control subjects were recruited from the general population. This study was accepted by the regional Ethical Committee. All patients and control subjects were briefed about the detailed information of this study and hence consented to attend this study.
Excluded were subjects (patients and controls): (1) with respiratory involvement or in crisis (i.e., severe stage of the disease); (2) with major systemic illness such as organic heart disease, diabetes, hypertension or any other disease that might affect the autonomic nervous system; (3) on medications known to affect heart-rate/rhythm such as beta-blockers, vasopressors, digitalis, theophylline, thyroid hormones, tricyclic antidepressant, antiarrythmic drugs, atropine and its derivatives, etc.; (4) with history of febrile illness in the past 1-week; and (5) with lack of sound sleep the night prior to monitoring.
Measurements
All participants underwent conventional e c h o c a r d i o g r a p h y a n d A m b u l a t o r y E C G
Holter-Monitoring. Holter monitoring is the continuous 24-h monitoring of ECG activity of a patient's heart while engaged in daily activities. Ambulatory ECG was carried out using the 5-electrode Holter which is a 3-channel portable battery operated digital ECG recorder (Cardiolight FMC.A, Medset, Medizintecknik, Hamburg, Germany). The standard Holter report includes data for heart-rate, ventricular ectopies (VEs), supraventricular ectopies (SVEs), HRV, ST, QT, QTc (QT corrected for heart-rate), atrial fibrillation (A-Fib), T-wave alternans and sleep apnea.
Heart-rate variability is defined as the oscillation in the interval between consecutive heart beats as well as the oscillations between consecutive instantaneous heart-rate. [31] The general concept of HRV is that the more the HRV, the healthier the heart, because it more readily responds to its various stimuli. Small changes in R-R (NN) variability indicate cardiac risk. However, small or large changes in variability cannot be noticed at ECG strips. Two correlated methods of calculating R-R changes have been accepted by the cardiology community , which are the time-domain and frequency. In this study, we analyzed the HRV in the time-domain. [32] The most acceptable measurements in time-domain are: (1) SDNN (ms): standard deviation of all qualified beats (NN intervals); (2) SDANN (ms): standard deviation of the averages of NN intervals in all 5-min segments of the entire recording; (3) RMS-SD (ms): 
RESULTS
This study included 20 patients with MG. They had mean age of 28.45 ± 8.89 years and mean duration of illness of 3.52 ± 1.15 years. None of the patients reported symptoms related to arrhythmias as syncope, dizziness, palpitation, shortness of breath, chest discomfort, diaphoresis, or neurological symptoms such as transient ischemic attack. Conventional echocardiographic measures were normal for all patients. The total ambulatory 24-h ECG recording period was ranged between 18 and 24 h (mean: 22.00 ± 0.35). The minimum heart-rates were found during sleeping and ranged from 47 to 75 beats/min (mean: 58 ± 8) and the maximum heart-rates trends were found during awake and ranged from 112 to 145 beats/min (mean: 90 ± 12). Minimum R-R ranged from 296 to 560 ms (mean: 421 ± 47) and the maximum R-R intervals ranged from 868 to 1,618 ms (mean: 1,255 ± 205). VEs and SVEs were found in 11 (55%) and 7 (40%) of patients (versus none for controls) respectively. SVEs were less than 25/24 h. Depressed ST-T was reported in 4 (20%) patients. Table 2 
DISCUSSION
In this study, dynamic ECG showed evidence of subclinical autonomic cardiac dysfunction in patients with MG with mild/moderate severities. Cardiac autonomic functions were assessed by measuring the cyclic variation of the heart beat intervals (i.e., HRV). HRV reflects the complex interplay of sympathetic and parasympathetic innervation of heart. The lack of intra-individual variability over time makes the measurement of HRV an excellent tool for studying autonomic input of the heart. [31] In the present study, components of the time-domain analysis (SDNN, RMS-SD, pNN50) were significantly reduced in patients with MG. No significant correlations were identified between HRV indices and duration of illness. Accordingly, previous studies did not report significant correlations between autonomic nervous system dysfunction and disease duration, clinical manifestations, cardiovascular risk factors and diseases activity were reported. [19, 23] SDNN reflects overall autonomic modulation of the heart but does not provide no information regarding isolated sympathetic and parasympathetic activities, while RMSSD and pNN50 which reflect very short-term HRV are predominantly mediated by the vagus nerve. [32] Reduced HRV is well known to be associated with susceptibility to cardiac arrhythmias. [33] Previous studies had also shown that reduced HRV is an independent risk factor for arrhythmic sudden death after myocardial infarction. [34] In their study, Vernino et al. [19] reported impaired HRV and a low vagal tone and modified cardiac parasympathetic modulation, orthostatic hypotension and gastrointestinal manifestations (severe abdominal Data are expressed as number of patients with abnormalities, range, mean ± SD. SD: Standard deviation; HRV: Heart-rate variability cramps, early satiety and nausea) in an adult with MG associated with thymoma. These manifestations improved by AChE-Is and thymectomy. Previous studies rarely reported other autonomic nervous system dysfunctions (sympathetic and parasympathetic) in patients with MG [19] [20] [21] [22] including gastrointestinal, intestinal pseudo-obstruction, [21, 23] acute autonomic and sensory neuropathy and severe panautonomic failure. [19, 22] These studies reported increase in the autonomic nervous system dysfunction with the severity of MG. Meanwhile improvement of both neuromuscular and autonomic symptoms was observed with AChE-Is and after thymectomy. Furthermore, neurophysiological tests and laboratory studies also confirm the presence of autonomic dysfunction in patients with MG. For instance, augmentation in epinephrine excretion, although the nor-epinephrine excretion remains unchanged or even undergoes reduction in response to forearm ischemia or orthostasis (a sign of sympathetic deficiency), was reported in patients with MG, [24] while both stimuli in normal subjects induce a rise in norepinephrine urinary excretion without significant changes in epinephrine excretion.
The exact mechanisms of the autonomic nervous system dysfunction in patients with MG could rely on the involvement of autonomic neuronal nAChRs by an immune mediated processes of MG. [25, 26] The structural identities between different muscle and autonomic nAChRs subunits with the possibility of cross-reactivity between different nAChRs antibodies may be contributed as a cause of immune-mediated autonomic neuropathy with MG. Additionally, a few studies reported myocarditis in patients with MG and suggested that cardiac involvement with MG could be due to the immune responses driven by muscle and cancer (e.g., thymoma) mediated expression of neuronal nAChRs antibodies. [27] [28] [29] [30] 35, 36] Recently, Suzuki et al. [22] have reported myocarditis in MG patients with anti-Kv1.4 (voltage-gated potassium channel) antibodies which was further manifested by ECG findings with high frequencies of T-wave abnormality and QT prolongation, ventricular tachycardia, sick sinus syndrome, or complete atrial ventricular block and severe heart failure. These authors suggested that the heart and skeletal muscle molecules are targets for the autoimmune process of MG. [29] Some authors suggested that autonomic nervous system manifestations of MG could result from the adverse effect of medications used for MG treatment, such as pyridostigmine. [37] As a reversible AChE-I, pyridostigmine inhibits the enzymatic breakdown of ACh and consequently potentiating cholinergic neurotransmission with selective augmentation of the efferent parasympathetic signal. A number of studies have indicated that pyridostigmine decreases the resting heart-rate by about 5-7 beats/min and increases the R-R interval and long-term time-domain indices of HRV in normal subjects [38] and patients with heart failure. [39] However, none of these studies reported marked reduction of SDNN below 50 ms or presence of VEs, SVEs or depresses ST-T as observed in this study. We suggested that although pyridostigmine could reduce HRV indices but the marked reduction observed in this study is attributed to the autonomic nervous system involvement by the disease process.
The results of this study indicate that patients with MG are considered at high risk due to the presence of autonomic nervous system dysfunction and are candidates for earlier considerations of cardioprotective medications. Thus, caution has to be considered for prescribing drugs that disturb the cardiovascular autonomic nervous system and preanesthetic evaluation before surgery. [40, 41] Despite the strength of our findings, the main limitation of this study is the small sample size. Longitudinal and prospective studies are needed.
In conclusion, patients with MG may have specific ECG abnormalities indicating subclinical cardiac autonomic dysfunction even in milder stages of the disease. Depressed SDNN of HRV is an early warning sign of autonomic neuropathy. These results indicate the need for routine evaluation of autonomic functions in patients with MG both to identify patients at high risk for earlier consideration of cardio-protection and long-term follow up studies.
